. The distribution of Single-Copy Percentages (SCPs) for all core gene families, with SCPs calculated upon removing the highly duplicated genomes of Glycine max, Linum usitatissimum, Brassica rapa, and Zea mays. This distribution has a mode of 92% and a mean of 70.8%.
SUPPLEMENTAL FIGURES
Supplemental Figure 1 . Motivation for the 32 out of 37 species cut-off to define core gene families. To distinguish core from non-core gene families we assessed the distribution of the number of species in each gene family based on all 69,542 gene families obtained by reconciliation. This distribution is U-shaped, suggesting a large number of gene families that are species-or lineage-specific (left side of the distribution) and also an excess of gene families present in the large majority of angiosperm species (right side of the distribution). Based on this distribution we decided to consider all gene families containing genes from at least 32 species as being 'core gene families'. As such we account for a limited number of putative missing orthologs from core gene families due to for instance errors in genome annotation, gene family construction errors or the presence of incomplete genomes.
Supplemental Figure 3.
Classification of species tree nodes as SSD or WGD. On the species tree, nodes with WGDs on their parent branches were considered as WGD nodes (orange dots), while the rest of the nodes were considered as SSD nodes. Next to each node are the number of duplication events predicted by gene tree-species tree reconciliation for both core and non-core gene families (core/noncore). There are in total 93,942 predicted duplication events in core gene families and 140,786 duplication events in non-core gene families.
Supplemental Figure 4 . Core gene families mainly duplicate through WGD. Bar plots represent the fraction of duplication events, summed over all gene families, attributed to WGD or SSD in core and non-core gene families. Panel (A) represents results obtained from all nodes in the species tree in (Supplemental Figure 2 ) and shows that for core genes families, as compared to non-core gene families, the presence of duplicates seems to be biased towards WGD-associated gene duplication (p < 2.2e-16, Fisher's exact test). In panel (B) we assessed the possibility that these observations might be caused by an overrepresentation of WGDassociated nodes in the species tree for core gene families as opposed to non-core gene families: since core gene families cover by definition a larger number of species, some of the more ancient WGD events that are shared by many species will only be represented by core gene families. Hence, we repeated this analysis by only considering nodes from the species tree that are also ubiquitously present in noncore gene families (top 10 of the nodes) and came to the same conclusion (p < 2.2e-16, Fisher's exact test).
Supplemental Figure 5.
Comparison of the number of duplications for core and noncore gene families at WGD and SSD nodes on a gene family base (only illustrating gene families with no more than 50 duplications). (A) The number of WGD and SSD duplications per gene family for core gene families. There are significantly more nodes associated with WGD derived duplications than SSD derived duplications (p < 2.2e-16, Wilcoxon-rank-sum test). (B) The number of WGD and SSD duplication per gene family for non-core gene families. Here the number of WGD derived duplications is not significantly larger than those of SSD derived duplications (p = 1, Wilcoxon-rank-sum test). Predicted duplication events were obtained by gene treespecies tree reconciliation (see Materials and Methods). Figure 6 . K S -distributions of duplicated pairs from core and non-core gene families in 12 species, i.e. Arabidopsis thaliana, Amborella trichopoda, Brassica rapa, Cucumis melo, Glycine max, Gossypium raimondii, Oryza sativa, Prunus mume, Populus trichocarpa, Solanum lycopersicum, Vitis vinifera, and Zea mays. Figure 7 . Duplicate gene retention in function of time since WGD. Each dot represents the fraction of core gene families with retained duplicates following a specific WGD (y-axis), as a function of WGD age, expressed in K S -units (x-axis). The timing of the WGD events and the particular gene families that retained duplicates following a specific WGD event were inferred by fitting Gaussian mixture models to K S -age distributions for all 37 species separately (see Materials and Methods). This figure is related to Figure 3 , but here all WGD peak callings were included. Since the Dicot and Brassicaceae-Beta peaks can not be distinguished from each other they are denoted by the same color. Additional information on all the peaks is provided in the Supplemental Table 2 .
Supplemental

Supplemental Figure 8 . Criteria that we used to choose the optimal number of clusters for k-means clustering of the copy-number matrix. (A) We used the Delta Area Plot from the ConsensusClusterPlus R-package to select the optimal number of clusters. The results of 1000 clustering runs, each time on subsampled matrices, are summarized into a consensus matrix, whose values represent the proportion of clustering runs in which two items (i.e. gene families) are grouped together. Hence, values in this matrix are between 0 and 1 ( = always clustered together). The Delta Area Plot assesses the 'cleanness' of this consensus matrix: if all clustering runs agree on the same solution than this matrix only consists of 0's and 1's (bimodal distribution). To determine the optimal numbers of clusters the largest changes in these consensus values are detected by calculating the change in the area under the Cumulative Distribution of consensus values for increasing cluster number (Monti et al., 2003) . The 'Delta area' represents this change, with k corresponding to cluster number. (B) Corresponding multidimensional scaling plot of the copy-number matrix, with data points colored according to cluster membership. Figure 9 . Consensus matrices obtained for different number of clusters k. The consensus matrix represents the number of times that two gene families belonged to the same cluster over 1,000 clustering runs of the subsampled copy-number matrix. The values within this matrix range from 0 (gene families were never grouped into the same cluster; white in this figure) to 1 (gene families were always grouped into the same cluster; blue in this figure). Here results are shown for k = 2-5 clusters. Color bars on top of the visualized consensus matrix indicate cluster assignments.
Supplemental Figure 10 . Polar diagrams depicting the fraction of duplication events in each gene family group belonging to either the 'Recent', 'K-Pg Boundary', 'Ancient' or 'SSD' duplication classes. (A) Represents predictions of duplication timing for all core gene families, obtained by using gene treespecies tree reconciliation. This Figure is the same as Figure 5B . In contrast to GMM (see panel B), which provides estimates of the ages of the duplication events for each species separately, here estimates of the duplication age is based on a gene family basis and hence no averaging over species is necessary. To obtain the bar plots we normalised the absolute counts of duplication events for each node in the species tree with the number of nodes in the species tree of that duplication class, correcting for the fact that there are for instance more nodes associated to the 'SSD' duplication class. Significance values are indicated by asterisks (green = overrepresentation, red = underrepresentation) and were calculated based on the absolute counts of predicted duplications of each class, using the Fisher's exact test with Bonferroni multipletesting correction. (B) Represents predictions of duplication timing for all core gene families based on GMM of K S -based species-specific age distributions. We classified each duplicate pair to a certain duplication class depending on the K S -peak it belonged to (see Supplemental Table 2 ). The bars in the Figures represent averages, obtained from averaging over the number of duplications assigned to a certain class for all species. Statistical significant over-and underrepresentations were calculated based on the Wilcoxon-rank-sum test and are denoted by asterisks.
Supplemental Figure 11 . Over-and underrepresentation of an independent set of 2,090 nuclear-encoded chloroplast-targeted genes obtained from The Chloroplast Function Database (Myouga et al., 2013) . The y-axis represents over-(positive values) or under-(negative values) representation of these chloroplast genes in the three different functional groups as compared to the full set. In specific, to obtain the values on the y-axis we calculated the ratio of the proportion of group genes (i.e. 'Single', 'Intermediate' or 'Multi') that are chloroplast genes to the proportion of genes in the full set that are chloroplast genes. Positive values for overrepresentation (ratio > 1) and negative values for underrepresentation (ratio < 1) were obtained by subtracting one from the above described ratio. P-values as obtained by Fisher's exact test with Bonferroni multiple-testing correction are indicated on the bars. representations for transcription factor genes in the three different functional groups as compared to the full set. In specific, to obtain the values on the y-axis we calculated the ratio of the proportion of group genes (i.e. 'Single', 'Intermediate' or 'Multi') that are transcription factors to the proportion of genes in the full set that are transcription factors. Positive values for overrepresentation (ratio > 1) and negative values for underrepresentation (ratio < 1) were obtained by subtracting one from the above described ratio. P-values as obtained by Fisher's exact test with Bonferroni multiple-testing correction are indicated on the bars. Figure 13 . Mapping of the whole-genome duplications and triplications on the species tree as obtained by the approach outlined in 'Dating whole-genome duplications' and as used for the simulations of gene family evolution according to the stochastic gene birth-death null model. Figure 14 . Conflicting clades between the species tree used in this paper and which we inferred from 107 core gene families (left) and the APGIII tree (right). The here obtained species tree is largely consistent with the APGIII tree (Bremer et al., 2009 ), yet there are some conflicts. The incongruence between the positions of the Malpighiales clade in trees constructed from nuclear genes versus chloroplast genes have long been recognized, and is thought to be caused by introgressive hybridization in the ancestral lineages of Fabidae and Malvidae (Sun et al., 2015) . Moreover, due to rapid diversification at the mid-Cretaceous, the relationships within Malpighiales are hard to determine (Xi et al., 2012) . The close to zero values of IC and ICA suggest incongruence of the gene trees and the species tree on the branch leading to Populus trichocarpa and on the branch leading to Jartropha curcas and Manihot esculenta. Similarly, the monophyletic group consisting of Cucurbitaceae and Fabaceae is also only supported by half of the gene families used to reconstruct the species tree.
Supplemental Figure 15 . Explanation of how duplications were inferred for gene families with at least two species but no more than three genes or gene families that are only present in one species. For gene families with two genes in two species (10,740 gene families), the node connecting both genes is assumed to be a speciation node. For gene families with three genes (6,171 gene families), we midpoint rerooted the gene tree and distinguished between three possible scenarios. If the three genes come from two species, the duplication occurred either in one species or in the common ancestor of the two species, depending on the topology of the gene tree. If the three genes come from three species, we assume that no duplications have occurred in the history of the gene family (most parsimonious scenario). For gene families that only cover one species (23,023) but with two genes or more, e.g. five genes in the figure, we mid-point rerooted the gene tree and considered all nodes in the tree to be duplication nodes. For the remaining 28,946 gene families with at least four genes (including all core gene families) duplications were inferred using the reconciliation pipelines as described in Materials and Methods.
Supplemental Figure 16 . The change in the total number of predicted duplication events in core gene families in function of the threshold on the duplication consistency score. The predicted number of duplication events stays relatively stable for duplication consistency score thresholds up until 0.5, yet shows a drop for duplication consistency scores larger than 0.5. The large reduction at 0.5 can be explained by the large number of nodes in the species tree that only encompass two species and hence the large effect of an increase in the duplication consistency score threshold from 0.4 to 0.5 on the total number of duplication events: e.g. ((ath,aly)ath) will not make the cut of a duplication consistency score > 0.5. Figure 17 . Gaussian mixture models were fit to the K S -distribution of each species. Peaks were considered solid if they had a good visual fit with the density line (dashed purple line) and the K S -histogram and had a μ lower than 3. Flat peaks, e.g. peaks which span the whole K S -distribution, where also removed. The annotation of the peaks was done using known literature (Vanneste et al., 2014) . The figure shows the K S -distribution for Sorghum bicolor. The red and green peaks have a good fit to the density line whereas the flat blue peak shows no correspondence to density line and spans the whole K S -distribution. Figure 18 . Comparison of (A) power-law fit and (B) exponential fit to the data obtained from the Gaussian Mixture Modeling of K S -based age distributions. The power-law shows consistently a better fit than the exponential, as assessed by Chi-squared Goodness-Of-Fit test (see Supplemental Table 3 ). Each row in the table represents one peak: k denotes the number of components that were fitted; ,  and λ are the obtained parameters for fitted GMMs; L_bound and U_bound represent respectively the lower-and upperbound K S -values associated with each peak; Annotation represents the annotation of the peak based on data from (Vanneste et al., 2014) ; WGD types is the classification of the peak as either 'SSD', 'Recent' (REC), 'K-Pg Boundary' (KT), 'Ancient' (OLD) or 'HighKS' if they had μ-values exceeding 3.5; 'Included' indicates whether we used the peak data to create Figure 3 and Figure 5B .
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